ABSTRACT -The objective of this study was to propose Data Envelopment Analysis (DEA) models and non-parametric Malmquist indexes to evaluate the efficiency of 11 livestock farms in the Pantanal region. These farms took out a loan from 'Fundo Constitucional de Financiamento do Centro-Oeste' -FCO (Constitutional Financial Fund for the Midwest), a line of credit for financing heifer retention. The beneficiaries were the farmers whose properties met the following conditions: farms located in the plain of Pantanal, with at least 50% of native pasture; farms that were part of managerial capacity building projects intended to ensure better management and animal performance indexes; and farms with pasture areas where the activity could potentially evolve. The management of the loan on 11 farms were studied in relation to the technology introduced in the period from 2004 to 2008. Five properties presented technical efficiency below 1, that is, the technical management efficiency with the objective to increase the cattle through heifer retention and the purchase of higher genetic quality heifers was not achieved. However, the index of technological progress was above 1 on all tested farms, which means that technology was in fact incorporated in all properties, which resulted in total factor productivity growth on all farms. The main objective was fully met, even on the technically inefficient farms.
Introduction
The decision-making process of rural producers is complex and almost always marked by multiple objectives. Among them there are economic and non-economic ones (Cezar et al., 2000) . Regardless of the goals to be achieved, decisions of farmers will always be guided by dissatisfaction with the current situation. Achieving maximum efficiency and production does not mean to concentrate all efforts on a single component of the production system. Productive activities should be understood and managed within a systemic approach (Oiagen et al., 2009) . In a production system, two types of efficiency are identified: the technical and the economic ones. A production system is considered technically efficient when there is no other system that provides the same level of production by using either the same or less quantity of inputs. Maximum economic efficiency occurs when there is no other alternative production system that produces the same amount, with lower cost or greater profit (Ferreira & Gomes, 2009) .
A performance indicator of a particular production system is its relative efficiency. Identifying the reasons for the efficiency or inefficiency of a production system contributes to the definition of appropriate strategies for the system development and also for problem solving. Correcting the causes of the inefficiency provides better use of the resources invested in the introduction and adaptation of technologies (Arzubi & Berdel, 2002) . The data envelopment analysis (DEA) was originally proposed by Charnes et al. (1978) as a methodology for assessing the relative efficiency of homogeneous units (called Decision-Making Units -DMU) with autonomy in the decision making process. It is a technique based on mathematical programming, developed to measure the relative performance of organizational units with the presence of multiple inputs and multiple outputs (Boussofiane et al., 1991) . Currently, this methodology has been used in the most different research areas of production systems (Emrouznejad et al., 2008; Gomes, 2008) .
The primary goal of DEA is to compare a certain number of firms (DMU) that perform similar tasks but differ in terms of the amount of inputs they consume and the amount of outputs produced. There are two equivalent formulations (duals) for DEA. The formulation called Envelopment Model defines a viable region of production and projects each DMU on the region frontier. The other formulation, the Multipliers model, calculates the ratio of the weighted sum of products and the weighted sum of resources, with the choice of "the most favorable weights" for every DMU according to certain conditions. The two classical DEA models are the CCR model (from Charnes, Cooper and Rhodes), which presupposes constant returns to scale, that is, increasing the amount of inputs leads to a proportional increase in the amount of outputs (Charnes et al., 1978) , and the BCC model (from Banker, Charnes and Cooper) , which considers production situations with variation of scale and does not assume proportionality between inputs and outputs (Banker et al., 1984) .
In this case study, the changes in the productivity factors of each DMU in the 2004-2008 period were calculated by using geometric averages of two Malmquist indexes. The use of Malmquist indexes in measuring productivity changes was based on the existence of production technology that transforms an input vector into an output vector (Färe et al., 1994) .
Aiming to encourage, facilitate and consolidate the development of beef cattle in the Pantanal plains, the deliberative Council (CONDEL) of Fundo Constitucional de Financiamento do Centro-Oeste (Constitutional Financial Fund for the Midwest) - FCO (2003) , by means of resolution CONDEL/FCO n. 176, established a line of credit for heifer retention in the Pantanal plains. The term of financing was eight years, including the grace period of up to four years. The technologies adapted and developed by Embrapa Pantanal directed to livestock production in the Pantanal (Abreu, et al., 2006a) supported the specific financing program, aiming to increase both the number and the genetic quality of the cattle population in the Pantanal biome.
This study aimed to assess the efficiency and productivity of the production system applied by the producers who decided to use the FCO loan for heifer retention by means of Data Envelopment Analysis (DEA) and Malmquist indexes, and to assess its management practices in the introduction of technologies in the period from 2004 to 2008.
Material and Methods
In the state of Mato Grosso do Sul, 92 projects were applied by means of the financing program, with the objective of retaining heifers in the Pantanal. The release of resources was conducted by Banco do Brasil (BB). In 2008, along with the rural credit team of the BB central agency in Mato Grosso do Sul, the authors of this experiment had access to 11 reports produced by private technical assistance that monitored the 2004 loans. All properties were located in the municipality of Corumbá, in Mato Grosso do Sul. In order to avoid their identification, the 11 farms analyzed were encoded with letters A-K.
One can observe that both big and small farms have taken out the loan (Table 1) . The difference between the total areas of the largest and the smallest farms was over 24 thousand hectares. In all properties the native pasture was the main nutrition resource of the animals, as the average cultivated pasture area was 55.00 hectares. In other words, they were the typical properties of the region, where the presence of large areas with cultivated pasture is not common. The herds were all cow-calf with 48.65 and 50.58 of the total composed of heifers (female_3), in 2004 and 2008, respectively. On average, the stocking rate of the farms was 0.20 animal units (AU) per hectare in 2004, which favored the use of the loan to purchase females in order to increase the cow-calf herds in the properties. The models used were DEA CCR multipliers and Envelopment, as the DMU were considered similar both in the technological level and in the adoption of technologies after taking out the FCO loan. In addition, the CCR model was more adequate to the analysis, due to the proportionality of the inputs and outputs of the DMU analyzed. Each DMUk, k = 1...n was considered as a production unit that uses m inputs x ik , i = 1... m to produce s outputs y jk , j = 1...s. In formulations (1) and (2), ho is the efficiency of the DMUo under analysis; x io and y jo are the inputs and outputs of the DMUo. In (1), v i and u j are the weights that are calculated by the model for inputs and outputs, respectively. In (2) The preliminary selection of variables was based on data availability and the opinion of specialists. Overall, the variables selected were those that best described the performance of the units under assessment.
The choice of the variables used in the analysis was according to the methodology developed by Senra et al. (2007) , who proposed the combinatorial multicriteria method by scenarios (MMCC). This method maintains the stopping rule from the multicriteria method developed by Soares de Mello et al. (2004) and has two stages. In the first stage the scenarios are tested until all variables have been considered. In the second phase, the indexes are recalculated, in order to better adjust to the frontier (measured by average efficiency, index SEF) and better discriminate the units (assessed by the amount of efficient DMU, index SDIS). The selected variable was the one that produced the highest value according to the criterion of synthesis (aggregated S index). The use of MMCC in systemic analysis of beef cattle production was described by Abreu et al. (2008a) in detail.
The analysis of the reports led to the identification of the variables that would constitute the DEA model, namely, the total area of the farm, stocking rate (animals/area), native pasture area, legal reserve area (an area which, by law, cannot be anthropized), area with planted pasture, permanent preservation area, improvements (value of (1) ( 2) existing improvements in the property, estimated by the technical assistance agents), number of males and females 01, 23, 12, 3 (amount of male and female animals up to one year old, between one and two years old, between two and three years old, and over three years old, respectively), total livestock units, total workforce, financing (in Brazilian Reais, without correction; total resource borrowed from FCO to prevent the producer from selling the females), number females financed (amount of females corresponding to financing). An expert in the livestock of the region was consulted and identified, among the variables mentioned, the best ones for the modeling. The variables selected for 2004 were: total area, native pasture area, financing, total animal units, as inputs; financed females, females 01, females 12, females 23 and females 3, total females (sum of all females in the property) as outputs. The variables for 2008 were: total area, natural pasture area, financing, total animal units, as inputs; females 01, females 12, females 23, females 3, total females, male 01, male 12, male 23, male 3, females + males, sires, as outputs. The input variables were not submitted to the MMCC method. In fact, according to the opinion of the expert, as the loan aimed to retain heifers, two inputs were mandatory in the model: the value of the loan, and the number of native pasture hectares informed in the rural land tax of farms in 2004. In order to avoid a large number of variables, with consequent reduction of the analytic power of the model, the other possible input variables were not used. The output selection was made with the use of the multicriteria method of single standardization, as described by Angulo Meza et al. (2007) . Thus, in order to select which of the variables should compose the model, various DEA models were run with the two inputs already chosen and with each one of the possible outputs.
The Malmquist productivity index (product oriented) is defined as the ratio of two distance functions. The index enables the measurement of the productivity development between periods, based on calculation of the distance that separates each note of the reference technology in each period, by using distance functions. For a given production technology } : ) , {(
, a distanceproduct function may be defined for period t, as shown below:
Therefore, the distance function is defined as the inverse of the maximum proportional increment of the production vector y t , given the x t input vector. In the special case of a single product, the distance-product function may be represented by
) is a production function described as max:,
R. Bras. Zootec., v.41, n. 8, p.1937-1943, 2012 If the DMU is technically efficient, i. . The decomposition of the Malmquist index enables the identification of the contributions of efficiency changes and technological innovations to the DMU. Malmquist indexes higher than 1 indicate productivity growth, whereas values smaller than 1 point to a decline in productivity, and an index equal to 1 indicates stagnation.
(5)
Results and Discussion
In the MMCC, the higher the average efficiency and the lower the amount of efficient DMU, the better the model discriminates and indicates the best performance. In 2004, the output that generated the best result was females 01 ( Table 2) . As proposed by Soares de Mello et al. (2004) , S EF refers to the criterion of best adjustment to the frontier (the highest average efficiency), S DIS is the criterion of best discrimination (lowest number of efficient decisionmaking units), and S is the criterion of synthesis, which aggregates S EF and S DIS . The variable selected is the one that produces the highest value of the aggregate index S. In 2008, the best model was the one that had females+males as output, due to the highest value of the aggregate index observed (0.7752). The result possibly reflects a better performance of the producers, who retained a greater number of females and also produced a greater number of males_01 in 2008.
According to Senra et al. (2007) , the results of these models should not be mandatory, but should guide the decision-maker and the analyst in the construction of the model. It would be desirable to have the same model for both years. As there is no information about the total males in 2004 or the S index for the models with males+females, females 01 and total females were very similar, the variable males was not taken into account. Thus, two models were used, with female 01 and total females as outputs (one in each model) and pasture area and financing as inputs. The efficient farms are the ones that better used the inputs in order to meet the objective of retaining heifers to increase the herd.
Considering the models of the two years separately, in 2008 the average efficiency was lower. This result does not mean that there was poorer efficiency, since the DMU are compared with one another in the same year. It just means that in 2008 there was a greater dispersion of the DMU. The efficient farms became more efficient, perhaps by using the loan in a better way, and/or the inefficient ones got worse.
When an analysis of the type "time window" is carried out, in which a property in one year is a different DMU from the same property in another year, the evolution of the properties may be better assessed (Table 3 ). In this case there was indication of significant improvement of the efficiency of the properties from 2004 to 2008. This was probably due to management after the financing and the incorporation of technology into the extensive production system; the contract stated that the producer would incorporate the technologies developed by Embrapa Pantanal and described by Abreu et al. (2006a 
was observed by Abreu et al. (2006b) , who conducted a case study at a property in the Pantanal. The study revealed increased efficiency in managing the cash flow of the farm on which technologies were introduced. The DMU with the highest percentage growth of heifers in the period were those which presented the highest technical efficiency. All farms that incorporated the management practices agreed when the loan was taken, which probably contributed to the retention of heifers and enabled the increase of technological progress on all farms, thus reaching the goal of heifer retention. The decisionmaking units G, H and I were the ones with the worst productive performance in relation to the growth of heifers, which reflected on low efficiency estimate.
The data available in the 11 reports showed that these were properties with predominant native pasture areas, considered to be of medium size in the Pantanal, according to the productive profile found by means of the 'panel' type analysis of the modal property in the Pantanal in Corumbá -Mato Grosso do Sul, as described by Carvalho et al. (2009) . Another important aspect was the number of heifers in the category of up to one year of age, which increased 76.19% on average in the period assessed (2004 to 2008) . The Pantanal is an area with predominance of cow-calf herds, where heifer retention and management are considered aspects of importance to the economic sustainability of the producer, since the replacement by better genetic heifers is important for the stability and genetic improvement of the cattle population (Maquivar & Galina, 2010) . On the other hand, according to Abreu et al. (2003) , the sale of the surplus represents an important source of income for beef cattle farmers.
The same inputs of the DEA model were considered, namely, financing and pasture area (Table 4 ). The output variable was the number of heifers up to 12 months of age (females_01) that the farmer had in 2004 and the amount after four years of project development (2008) . All DMU exhibited productivity growth. However, there was a decrease of technical efficiency on most farms during the period, as the values were smaller than one, i.e., there was a decrease of the relative efficiency in the management of the variables in the production system, when the 2004 efficiency was compared with 2008. This shows that the management (technical efficiency) of the input variables, in the 2004-2008 period, may be improved in the DMU with values below one. On the other hand, there was a significant technological improvement measured by technological progress, with values above one in all properties assessed, which enabled the identification of innovation in the production system (Grosskopf, 2003) . This was probably due to the incorporation of technologies developed by Embrapa Pantanal (Abreu, et al., 2006a) , whose application was one of the requirements for the loan. The weight of the innovation component (technological progress) led the DMU estimates of the Malmquist Index (tfpch) to remain above one, which indicates the growth of the total productivity of the factors, as described by Färe et al. (1994) .
The DMU F was the one with the highest productivity index (3.82) among the farms assessed. It is also the one with the smallest area (906 hectares of natural pasture) and the lowest amount of financed heifers. Such result is consistent with the result obtained with the use of the DEA methodology "time windows". The DMU with the highest percentage growth of heifers in the period presented the best technical efficiency.
All properties incorporated management practices, with a consequent increase of technological progress, even considering the fact that in the Pantanal, according to Abreu et al. (2008b) , the extensive beef cattle producers faced the problem of low prices of weaning calves, which is the main category commercialized in the region. A-K -11 farms assessed; DMU -decision-making unit.
The decision-making units B, G, H, I and K presented the worst productive performance in relation to the growth of the number of heifers, which reflected in low estimate of relative efficiency; consequently, the Malmquist indexes of these DMU were the closest to one, which means stagnation (Figure 2) .
The financing program for heifer retention and herd growth was probably not successful due to managerial problems, which reflected in the stagnation of the number of heifers in the period. On the other hand, there was growth in the number of heifers 01 in the other decision-making units. The Pantanal is an environmentally fragile region, still not very much changed, and its conservation is very important. The livestock production developed in the region is considered the main activity responsible for the current state of conservation of the region (Abreu et al., 2010) . Thus, modern management techniques should be incorporated so as to increase the income of the producer and the sustainability of the activity.
Conclusions
The credit line for heifer retention met the objective to introduce technologies in the extensive production system in the Pantanal, and, in parallel, retain heifers in order to recompose the cow-calf herd in the region. In spite of the fact that the activity management was not optimized in some properties, the incorporation of new management techniques provided technological progress to the activity. 
